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The use of LteryLUunr oxide in s ing le  crystal  form as a substrate 
for rnieroelectxonic devices and integrated circuitry i s  preaicated 
on the fact  that t h i s  material, while being an exce,llbnt d!ie&eckzk8 
displays extremely high thermal conduction valuee. As such it can 
provide heat dissipation, allcrwing the application of higher power 
leve ls  and resulting in increased re l iabi l i ty  in devices in which it 
is used. As described in the previous bf-munthly report, data 
measured on polycrystalline berylliua a i d e  ceramic materials has 
been supported by subsequent device and package use leading t o  
increased performance of semi-canductor materials . 
Knowledge of Lhe basic crystal  structure of beryllium a i d e  leads 
to  the conrclusiom t h a t  because of its astimtropic character the materi.l 
in crystal fom should dlsplay direct ional  thermal conducting proper- 
caaibfned with dielectric properties far superfoz to those faand &n 
the polycrys-kalline material. 
behavior of sapphire aver cormentionel palycryetalline aluminum 
oxide. 

This  is analagous to the improved 

'phe present pkogram 88 an objective the development of techniquw 
for the grawth of beryllium oxide i n  single crystal fora suitable for 
use in microeloctrcpic dcavicea and'the accurate detetznination of 
thermal and electrical properties of these crystals  with addititma1 
supporting data as requhed,  
the following Taskat 

The program is being conducted under 

Taak A - Sincsls Crystal Growth 

Conduct an experimental investigation with the objective of perfecting 
the reproducibility of herylliwi a i d e  s ingle  crysta ls  with opthum 
surface amoothness and electrical hambgeniety by controlling the 
crystal growth, chemistry and geometry. 

Task B - D i e l e c t r i c .  OD tical and miermel ~ r o p e r t i e e  

Oeteraaine the precise dielectiic, optical, and thermal prapexties 
of beryllium oxiCie single  cxystals. 
of anisotropic behavior of die lectr ic  constant, res i s t iv i ty ;  and 
thermal conductivity, the data being applicable to a wide range of 
applications. 
micrawave properties a8 they 8te  applied to micradrcuitzy. 

This sha l l  include mrrtasur-t 

Measurements ahall a l s o  be made of optical and 

Task A - Sincrle C r w t a l  Growth 
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util izes the generation Of BS(OR)2 Vapor frm a Be0 nutrient w i t h  a 
subsequent condensation on a seed surface a t  elevated teiupezatuxerr~ 
the. second technique is an exploratory study of the plwr growth 
metkraii =tiLizing a z i i i  jiiit>iybdata solvents. 
have a f a i t  degree of prasniae fox preparation of dielectric Be0 
crystals and are being explorsd undes this task of the contract, 

~ 0 t h  of these tachniqucrs 

During the reps>ztbng period, experhrltal runs were continued on 
t h e  gruwth of beryllium oxide single cryata l s  using the high tespera- 
twce induction apparatus yrevimely deacuiSed. F i g u e  (1) is a 
list of t y p i c a l  processing data for thess growth s tudies .  

The objective of &hem series of experbents has been to vary the 
conditions of temperature, time, E.* carrier gas dew point and to 
study the ir  effect on the y i e l d  an2 qua l i ty  of resultant crystals, 
It has been found t l a t  crptkmm grtmth conditions -cur when ths 
folliawhg conditions axe met8 
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The reaction zone i s  cUiatructed of cosrpAetely pura poly- 
crystalline beryllium oxide to minimize iDapuritiea present 
in the system. 

Nutrient matezial ut i l ized as a sQuTce for beryllium 
hydraxide is high purity s intexe0 beryllium nxfae grit or 
scraps and the seed material is aleo beryllium ooti.de. 

Xnduction heat ing  thzough the use of the graphite susceptor 
system i s  &nit,iated w i t h  very rapid heating rated on the 
order of 7 C/minu+e, 

water: vapor is  introiiuced a t  a temperature of IZOOOC into th4 
reaction zone using helium as a carrier: gas, 

Water flow gate; are on the order of 2 cc pes minute. 

Vaporizer bath temperatures axe on the order of 180°C. 

The high temperature reaction zone where evaporation of the 
beryllia occurs l ies  between 1775 and lSZS*C, 

A reaction holding t h e  of 24 hours is uti l ized.  

U e h g  this process it has been found posaible to reproducibly prepare 
beryllia s ingle  crystale in hexagonal platelet form up to sizes of 
approximately 3/16, which appem to be suitable  for i n i t i a l  dielectric 
measurements. The objective of the contiming experiments is to 
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y i e l d  increased crystal size. and to aeccmplfsh this several factora 
must be uvercome. These factors inc3tude t!ze close control of seed 
surface conditions EO as to y ie ld  platelets in the proper aection of 
&LA b b b c  "e- ,.,=c?clctfm cfiiiri%s~, the reactior, c'nzmbelr temperature, and the 
vaporizer temperature as it contrsh the water content of the carrier 
gas, ~ a z i a t i o n e  OE sa little as &soe in the vaporizer: temperature 
have beela found to m c d i Z ' j i  cryetal hakit €ram either a fibrous or 
cotton-lLke condensate ta the p l a t e l e t  stxcture which is desired. 

In the previous rgpiort s: dssczipti.cn was given of the aeasuxementa 
which are to Pe zaCe 02 single crystal -0 plate le ts ,  
volume resistivity,  capacitance and dissipation factor. The basic 
equipment being utifized includes a Federal Kodel H Teraohnmreter 
for DC resistivity, a Oeaeriil Radio 16XSA capacitance bridge aesembly 
and a Boonton Radio 16OA Q-meter. Because of $the limited size of 
crystal samples available ,  a major portion of the effort hab been 
devoted to the design and construction of a sample holder capable 
of measuring the ca3xitances of cxtremexy fine gaps with reproducibility 
and precision, To achieve this, a grelhinary .3smple holder (model noel) 
was constxucted an:: exg.lcratsry neaaurer3ents mads with the General 
Radio bridge in order to determine what sone of the problem areas 
would be in wcking  w i t h  such a aystem, Based on these praxirrinary 
experLqents v h k h  were bxiefly d e s c ~ i b e d  i n  t h e  previous bi-monthly 
report it was determined that  ouch a meaauvenent a p p a r a t ~  would 
have the following rzquirem~nts 

These include 



- 4 -  

capability of adjustment and calibration of capacitance 
gap opening8 dawn to  .0601g (2.5 microns) . 
Cunpfets fX@xfiiSfty h adju8tmnt 02 probe an6 ground 
electrode location 80 as to allow meatsuremcmt of not only 
p la te l e t  type materials but ultimately fibroue cryetale.  

Faci l i ty  for cdaptbg the sample holder to high temperature 
mcasurensnts without disturbfng the major e l e c t r i c a l  charac- 
teristics of the aystem. 

A design mads such that the extremely small platelet 
crystals  can be insert& azid removed with a minimuxu of 
handling and with %heir location behg such that they can 
be physically observed befoze, during, and after the 
measurements have been taken . 

With these parameters in mfnd the present apparatus MB designed and 
the device is shown in Figure (21, 
apparatua was cmnplottd. and was put into operation. 
ments have been made on s b \ t l a t e d  crysta ls  fabricated fram poly- 
crystalline -0. discs. 
Be0 of 99% purity and 95% density aPld have been prepared in the 
f o l lwhg  dimendona I 

During the reporting period the 
I n i t i a l  m9asure- 

These samples cons iat  of pressed aad sintered 

P-3 
P-2 
P-3 
P 4  
P-5 
P-6 
P-7 

Diameter ( in1 

,177 
e 1 2 3  
e096 
,052 
.400 
e500 
e 140 

Electrodes 

.020 None 
,012 None . 035 ~ a - ~ n / b a l d  P l a t e  
,021 Bone 
,042 m=m/Y!li P l a t e  
,020 ~oll;ian/cu P l a t e  
e025 Plata 

Comparative tes ta  were c d u c t e a  on mktallited and tm=metalliurd 
Be0 disc 
in aubaequent teating to  apply m e t a l l i c  electrodes to fhe ssrmple Unaer 
test .  This was faund t o  be neceseary so a s  to  define closely the 
electzode area under measurement. Considerable scatter was found 
i n  those samples tested w i t h o u t  electrodes i n  which the probe 
electrode clone was x U e U  upon for contact.  Techniques are available 
for the application of these electroUes to the B e 0  single crystal 
body e i ther  by vacuum deposition or sputtering an8 w i l l  be applied a t  
such time that the tests  on the crystals are con8ucted. 
aham sane of the i n i t i a l  dielectric data obtained on the Be0 electrode 
substrata materinb, us- Model no. 1 and No, 2 experimental apparstu 

sample8 and it wan deterdned that it would be a necessity 

Figure  (3) 
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a t  r a m  temperature. 
dissipation factor have not yet been computed since t h i s  is dependent 
upon Eiml calibration of the instrument and will be reported a t  a 
later date, 
the capacl-tan- range 02 the sample holder and evaluate test pr0~eduZe8~ 
One measurement made on a single c r y s t a l  specimen shead a C, or 
t o t a l  capacitanee of 13,990 picafarads indicating that  the speciwn 
size and getmetry is canpatable w i t h  the deraign of the test instrumenti 

It should be noted that the D values for 

h e  purpose 02 this series af t e a t s  was to verify 

0) tical Prmerties 

In the fixst bi-nonthly report prelinhaxy infra-zed transmission 
data was presented on Be0 single crystaSs measured on a Beckman IR-8 
apctzophoto5&@ter. Additional ~jleasurements have nau been made on 
cxyatala prepared in a maaiac Gtr:'CTcQ=ure in which .qplptwe sizes 
were increased to accesmdate up t o  6 monocrystals. AS previously, 
the tranernissiun speet:rum WBB gram 2 - 5  to 16 microns, 
purposaa correspmdiag data w a ~  chtefni-73 GXI 9§% dense cold-pressed 
and sintered beryllium rrjxide and theoretical density hot-pressed 
beryllium =fide of 99% p t x i t y .  
It may be &served tha t  a noticeable absarptiun peal: occurs in the 
Be0 singlo crystal at about 7.3 microns and a minor peak occuril 
a t  6 - 5  microns. 
Be0 manocryatallbe samples moulted On various ways with both slow 
and fast scan on the spectrophotometer h d i c a t h g  a fundamental 
behavior of the crystal stnscture. 

For CasprariSOn 

The tbxee  curves are s h m  i n  Figure (418 

These absorption peaks were reproducfble over aeveral 

(3) memI Conductivitv MeaBurerosnts 

A review of the techniques for measuxement of thermal ccmductivity 
has led  t o  the se&cfAcm of two appxosches fox making measurements 
on smaU Befr single crystals, These techniques are as follawst 

This measurement technique is similar to the so-cal led  cut-bag 
teohnique described i n  AS'PM Terjt Procedure C408-58  which has been 
utilized for the zmasurement of thermal conductivity of ceramic 
materials, In generalI, the cut-bar method consists of a seriee 
arrangement of a material of k n m  conductivity such as copper with 
the unknolrsn hteiposed between two sections of the known materia1, 
ThetmocaupXes placed at predetermined spacings in both the known and 
the unkncwn all- calculation of Q h e z t  flaw once r )  thermal gradient 
i a  established, and p\ nay ke calculated based on theQT acro8a the 
sample. In general, this technique is carried out in vacuum and is 
a re lat fve ly  simple method. The onXy complications that  arise are 
usually in the attsChmcmk of  the sample t a  the known materialo fn 
the measurement of sing8eclryetalbesylZium oxide the size and geormetry 
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of the Imam gpecimnn material is extremely sma l l  and thorefore 
for these tests it has been decided to  u t i l i z e  the fiber or whisker 
type of single c r y s t a l  which w i l l  provide data i n  one crys ta l lographic  
d i rec t ion .  
source, a d i f k r e n t i a l  th8m.~ouple  pr&e which acts as the known 
standard on the hot  side and t o  which the t i p  of the  c r y s t a l  is 
attached, The heat  sfrt3e is a liquid law melting a l l o y  material 
into which the cold t i p  of the c r y s t a l  may be h r s e d  so as to eatabl- 
the thermal gradient. The entire apparatus is designed t o  be aperated 
i n  vacuum and should prcwide data at temperatures up t o  approximately 
200% above which rad ia t ion  losaea could become an error sourceo 
A t  the t i m e  of this repor2 the design of the apparatus was complete 
and major port ions of it have been fabricated and are being assembled. 
It ia anticipated within the next month i n i t i a l  data  w i l l  be forth- 
caning. 

The apparatus coneiats baclieally of 6n electrical heat 

(b) The D7inamic Method 

Arrangements have been made w i t h  Queens Laboratory of Edison, N e w  
Jersey t o  develop a dp-ic or pulse  technique for the measureraent 
of t h e  thermal conduct ivi ty  of t he  p l a t e l e t  form of Be0 single crystal. 

Through the efforts of Dr, H, To Smyth and Dr, 99, Bauer, t h e  phys ica l  
ca lcu la t ions  have been made, and preliminary .experiments started to 
evalua te  this method a8 a mean8 of measuring thermal conductivity,  
A small sub-contract has been i n i t i a t e d  t o  cover the i n i t i a l  stages 
of this work and should be s u f f i c i e n t  to establish the f e a s i b i l i t y  
of the  method. 
expanded further,  
chopped l i g h t  ~ouxce, onto one side of the crystal, each side of the 
plate le t  hsving a vapor= deposited bf-metallll-c film thermocouple. 
Baaed on the frequency OE the heat energy an2 the temperature grad ien t  
es tab l i shed  across the c r y s t a l  the thermal conduct ivi ty  may be cal- 
culated.  
soon w i t h  poLycrystal1he Be0 s h l a t e d  c r y s t a b  should establish the 
a p p l i c a b i l i t y  of such a technique to the measurement of monocrystalline 
Be0 properties, 

I f  it is successful, t h i s  study technique can be 
X t  bas ica l ly  cons i s t s  of the int roduct ion of a 

I n i t i a l  tests  conducted with glass microscope slides and 

It is ant ic ipa ted  that during the next repor t ing  period a considerable  
quant i ty  of Be0 c r y s t a l  p l a t e l e t s  w i l l  be accumulated which will be 
s u f e i c i e n t  for most of "she data generation necessary under We present 
phase of the program, 
watervapor  t ranspor t  technique and the bea t  will be selected for 
raeasurement purposes, 
also he obtained on any c rye ta l s  evaluated. 
work w i l l  be continued t o  the poin t  where c r y s t a l s  o b t a h e d  w i l l  be 
measured on a comparative basis with those prepared by the watez-vapor 

Most of these c r y s t a l s  w i l l  be prepared by the  

Supporting X-ray and spectrographic data w i l l  
The so lu t ion  method 



method, Dielectric constant and Loss meartturemente using the re- 
designed eample holder will be conducted at roam temperature and 
passibi ly  initial measurements t o  50O0C w i l l  be available, 
of the sample holder ap2aratus t o  volume xes i s t iv i ty  measurements 
will a l s o  be completed and! initial property data obtained. 
Techniques for therm1 conductivity measurement w i l l  be explored 
and it is anticipated that 80- i n i t i a l  data w i l l  be available 
on the anieotrapic properties of Be0 crystals  in the a and c 
crystallographic dfrection- As with the other measurement techniquu. 
calibration data w i l l  be obtained using polycrystall ine simslated 
cxystal samples for comparison purposes. 

Adaption 

-ring the reporting period the f o l l c d n g  National Beryllia CorpOZ8- 
tion peraonnel participated iu the program, Dr. E, Ryshkewitch, 
Po S, Heaskger, K. Skyhr, R, L. Sharkitt, and 0 ,  Ferment, 

R e p o r t  submitted by 

P. S, Hessinger 
Project Manager 


